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Introduction
24
Isotope geochemistry, the study of variation in the isotopic composition of elements, is a key aspect of the 25 Earth Sciences. It has proven to be a crucial tool in establishing major concepts such as absolute dating of 26 geological materials, the formation of the Earth in our solar system and the recycling of the Earth's crust into 27 the mantle through plate tectonics. Traditionally, isotope geochemistry focused on isotopic anomalies arising 28 from the decay of long-lived nuclides, such as the radiogenic Young et al. 2015) . Elements heavier than S were traditionally regarded not to show isotopic 2 fractionation in nature due to the small relative mass differences between their isotopes, but at present mass-35 dependent isotope fractionation has been detected for elements as heavy as Tl (Prytulak et al. 2013 ) and U 36 (Andersen et al. 2015) . The use of these "non-traditional stable isotopes" has taken flight to address a wide 37 range of research questions across the Earth sciences. In particular, the advent of ICP-MS instruments heralded 38 a new era of increasingly precise isotopic measurements that could, in principle, be applied to every non-39 monoisotopic, non-gaseous element in the periodic table. Improving the precision (repeatability) of isotopic 40 measurements is relatively straightforward and relies for a large part on optimising counting statistics by longer 41 measurements of higher-intensity ion beams (e.g., Albarede et al. 2004 ). The current levels of measurement 42 precision, however, require a concomitant small bias, meaning the minimisation of (systematic) measurement 43 errors both within and between laboratories, which has proven to be more of a challenge. A strict control on 44 the accuracy of high-precision isotope ratio data is clearly required.
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The 
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The procedure can be described in algebraic terms as follows: the line N-n is given by equation (1) interest. In such a case, a versatile double spike with a wide precision minimum is preferable as it allows for 309 significant deviation from the optimal sample-spike proportion without suffering a large decrease in precision. 
339
The calibration of a double spike relative to a reference material is shown in Figure 5 ; a schematic flowchart 340 with a step-by-step approach is provided in Figure 6 . As the calibration of the double spike is made relative to 341 the reference material, the absolute isotope composition of the latter does not need to be known and it is 342 sufficient to constrain the mass fractionation line on which the reference material lies (Rudge et al. 2009 
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In the case of our Ni method, we perform all data reduction in an automated offline spreadsheet. 
514
Regardless of the origin of the mass-independent anomalies, however, measuring both a spiked and an 515 unspiked aliquot will always yield the true isotopic composition of a sample. It must be noted that because the 516 double spike is calibrated relative to a reference material, the true isotopic composition so measured is known 517 only as a relative difference from the reference material, but without the restriction of a purely mass-518 dependent relationship between the two.
519
The most commonly encountered type of mass-independent anomaly results from the radiogenic ingrowth due 520 to the decay of a long-or a short-lived radioactive parent and affects, for instance, 
